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Introduction {#sec001}
============

Smartphones are a popular communication form worldwide in this century and likely to remain as such, especially among adolescents \[[@pone.0219233.ref001]\]. The phone has evolved from basic communicative functions--calls only--to being a computer-replacement device, used for web browsing, games, instant communication on social media platforms, and work-related productivity tools, e.g. word processing. Smartphones undoubtedly keep us connected; however, many individuals are now obsessed with them \[[@pone.0219233.ref002],[@pone.0219233.ref003]\]. This obsession can lead to detrimental cognitive functions and mood/affective states, but these effects are still highly debated among researchers.

Altmann, Trafton, and Hambrick suggested that as little as a 3-second distraction (e.g. reaching for a cell phone) is adequate to disrupt attention while performing a cognitive task \[[@pone.0219233.ref004]\]. This distraction is disadvantageous to subsequent cognitive tasks, creating more errors as the distraction period increases, and this is particularly evident in classroom settings. While teachers and parents are for \[[@pone.0219233.ref005]\] or against cell phones in classrooms \[[@pone.0219233.ref006]\], empirical evidence showed that students who used their phones in class took fewer notes \[[@pone.0219233.ref007]\] and had poorer overall academic performance, compared to those who did not \[[@pone.0219233.ref008],[@pone.0219233.ref009]\]. Students often multitask in classrooms and even more so with smartphones in hand. One study showed no significant difference in in-class test scores, regardless of whether they were using instant messaging \[[@pone.0219233.ref010]\]. However, texters took a significantly longer time to complete the in-class test, suggesting that texters required more cognitive effort in memory recall \[[@pone.0219233.ref010]\]. Other researchers have posited that simply the presence of a cell phone may have detrimental effects on learning and memory as well. Research has shown that a mobile phone left next to the participant while completing a task, is a powerful distractor even when not in use \[[@pone.0219233.ref011],[@pone.0219233.ref012]\]. Their findings showed that mobile phone participants could perform similarly to control groups on simple versions of specific tasks (e.g. visual spatial search, digit cancellation), but performed much poorer in the demanding versions. In another study, researchers controlled for the location of the smartphone by taking the smartphones away from participants (low salience, LS), left the smartphone next to them (high salience/HS), or kept the smartphones in bags or pockets (control) \[[@pone.0219233.ref013]\]. Results showed that participants in LS condition performed significantly better compared to HS, while no difference was established between control and HS conditions. Taken together, these findings confirmed that the smartphone is a distractor even when not in use. Further, smartphone presence also increases cognitive load, because greater cognitive effort is required to inhibit distractions.

Reliance on smartphones has been linked to a form of psychological dependency, and this reliance has detrimental effect on our affective 'mood' states. For example, feelings of anxiety when one is separated from their smartphones can interfere with the ability to attend to information. Cheever et al. observed that heavy and moderate mobile phone users reported increased anxiety when their mobile phone was taken away as early as 10 minutes into the experiment \[[@pone.0219233.ref014]\]. They noted that high mobile phone usage was associated with higher risk of experiencing 'nomophobia' (no mobile phone phobia), a form of anxiety characterized by constantly thinking about one's own mobile phones and the desire to stay in contact with the device \[[@pone.0219233.ref015]\]. Other studies reported similar separation-anxiety and other unpleasant thoughts in participants when their smartphones were taken away \[[@pone.0219233.ref016]\] or the usage was prohibited \[[@pone.0219233.ref017],[@pone.0219233.ref018]\]. Participants also reported having frequent thoughts about their smartphones, despite their device being out of sight briefly (kept in bags or pockets), to the point of disrupting their task performance \[[@pone.0219233.ref013]\]. Taken together, these findings suggest that strong attachment towards a smartphone has immediate and lasting negative effects on mood and appears to induce anxiety.

Further, we need to consider the relationship between cognition and emotion to understand how frequent mobile phone use affects memory e.g. memory consolidation. Some empirical findings have shown that anxious individuals have attentional biases toward threats and that these biases affect memory consolidation \[[@pone.0219233.ref019],[@pone.0219233.ref020]\]. Further, emotion-cognition interaction affects efficiency of specific cognitive functions, and that one's affective state may enhance or hinder these functions rapidly, flexibly, and reversibly \[[@pone.0219233.ref021]\]. Studies have shown that positive affect improves visuospatial attention \[[@pone.0219233.ref022]\], sustained attention \[[@pone.0219233.ref023]\], and working memory \[[@pone.0219233.ref024]\]. The researchers attributed positive affect in participants' improved controlled cognitive processing and less inhibitory control. On the other hand, participants' negative affect had fewer spatial working memory errors \[[@pone.0219233.ref023]\] and higher cognitive failures \[[@pone.0219233.ref025]\]. Yet, in all of these studies--the direction of modulation, intensity, valence of experiencing a specific affective state ranged widely and primarily driven by external stimuli (i.e. participants affective states were induced from watching videos), which may not have the same motivational effect generated internally.

Present study {#sec002}
-------------

Prior studies have demonstrated the detrimental effects of one's smartphone on cognitive function (e.g. working memory \[[@pone.0219233.ref013]\], visual spatial search \[[@pone.0219233.ref012]\], attention \[[@pone.0219233.ref011]\]), and decreased cognitive ability with increasing attachment to one's phone \[[@pone.0219233.ref014],[@pone.0219233.ref016],[@pone.0219233.ref026]\]. Further, past studies have demonstrated the effect of affective state on cognitive performance \[[@pone.0219233.ref019],[@pone.0219233.ref020],[@pone.0219233.ref022]--[@pone.0219233.ref025],[@pone.0219233.ref027]\]. To our knowledge, no study has investigated the effect of positive or negative affective states resulting from smartphone separation on memory recall accuracy. One study showed that participants reporting an increased level of anxiety as early as 10 minutes \[[@pone.0219233.ref014]\]. We also do not know the extent of smartphone addiction and phone conscious thought effects on memory recall accuracy. One in every four young adults is reported to have problematic smartphone use and this is accompanied by poor mental health e.g. higher anxiety, stress, depression \[[@pone.0219233.ref028]\]. One report showed that young adults reached for their phones 86 times in a day on average compared to 47 times in other age groups \[[@pone.0219233.ref029]\]. Young adults also reported that they "definitely" or "probably" used their phone too much, suggesting that they recognised their problematic smartphone use.

We had two main aims in this study. First, we replicated \[[@pone.0219233.ref013]\] to determine whether 'phone absent' (LS) participants had higher memory accuracy compared to the 'phone present' (HS). Second, we predicted that participants with higher smartphone addiction scores (SAS) and higher phone conscious thought were more likely to have lower memory accuracy. With regards to separation from their smartphone, we hypothesised that LS participants will experience an increase of negative affect or a decrease in positive affect and that this will affect memory recall negatively. We will also examine whether these predictor variables--smartphone addiction, phone conscious thought and affect differences---predict memory accuracy.

Materials and methods {#sec003}
=====================

Participants {#sec004}
------------

A total of 119 undergraduate students (61 females, *M*~*age*~ = 20.67 years, *SD*~*age*~ = 2.44) were recruited from a private university in an Asian capital city. To qualify for this study, the participant must own a smartphone and does not have any visual or auditory deficiencies. Using G\*Power v. 3.1.9.2 \[[@pone.0219233.ref030]\], we require at least 76 participants with an effect size of *d* = .65, α = .05 and power of (1-β) = .8 based on Thornton et al.'s \[[@pone.0219233.ref011]\] study, or 128 participants from Ward's study \[[@pone.0219233.ref013]\].

Out of 119 participants, 43.7% reported using their smartphone mostly for social networking, followed by communication (31.1%) and entertainment (17.6%) (see [Table 1](#pone.0219233.t001){ref-type="table"} for full details on smartphone usage). Participants reported an average smartphone use of 8.16 hours in a day (*SD* = 4.05). There was no significant difference between daily smartphone use for participants in the high salience (HS) and low salience groups (LS), *t* (117) = 1.42, *p* = .16, Cohen's *d* = .26. Female participants spent more time using their smartphones over a 24-hour period (*M* = 9.02, *SD* = 4.10) compared to males, (*M* = 7.26, *SD* = 3.82), *t* (117) = 2.42, *p* = .02, Cohen's *d* = .44.

10.1371/journal.pone.0219233.t001

###### Most frequently used phone feature (*n* = 119).

![](pone.0219233.t001){#pone.0219233.t001g}

                                                             *n*   \%
  ---------------------------------------------------------- ----- ------
  Social networking (Instagram, Twitter, Facebook)           52    43.7
  Communication (WhatsApp, Line, messaging, calls, emails)   37    31.1
  Entertainment (music, games, videos)                       21    17.6
  Web surfing                                                8     6.7
  Productivity (camera, calculator, alarm, calendar)         1     0.8

Ethical approval and informed consent {#sec005}
-------------------------------------

The study was conducted in accordance with the protocol approved by the Department of Psychology Research Ethics Committee at Sunway University (approval code: 20171090). All participants provided written consent before commencing the study and were not compensated for their participation in the study.

Study design {#sec006}
------------

Our experimental study was a mixed design, with smartphone presence (present vs absent) as a between-subjects factor, and memory task as a within-subjects factor. Participants who had their smartphone out of sight formed the 'Absent' or low-phone salience (LS) condition, and the other group had their smartphone placed next to them throughout the study, 'Present' or high-phone salience (HS) condition. The dependent variable was recall accuracy from the memory test.

Stimuli {#sec007}
-------

### Working memory span test {#sec008}

A computerized memory span task 'Operation Span (OS)' retrieved from software Wadsworth CogLab 2.0 was used to assess working memory \[[@pone.0219233.ref031]\]. A working memory span test was chosen as a measure to test participants' memory ability for two reasons. First, participants were required to learn and memorize three types of stimuli thus making this task complex. Second, the duration of task completion took approximately 20 minutes. This was advantageous because we wanted to increase separation-anxiety \[[@pone.0219233.ref016]\] as well as having the most pronounced effect on learning and memory without the presence of their smartphone \[[@pone.0219233.ref009]\].

The test comprised of three stimulus types, namely words (long words such as computer, refrigerator and short words like pen, cup), letters (similar sound E, P, B, and non-similar sound D, H, L) and digits (1 to 9). The test began by showing a sequence of items on the left side of the screen, with each item presented for one second. After that, participants were required to recall the stimulus from a 9-button box located on the right side of the screen. In order to respond correctly, participants were required to click on the buttons for the items in the corresponding order they were presented. A correct response increases the length of stimulus presented by one item (for each stimulus category), while an incorrect response decreases the length of the stimulus by one item. Each trial began with five stimuli and increased or decreased depending on the participants' performance. The minimum length possible was one while the maximum was ten. Each test comprised of 25 trials with no time limit and without breaks between trials. Working memory ability was measured through the number of correct responses over total trials: scores ranged from 0 to 25, with the highest score representing superior working memory.

### Positive and Negative Affect Scale (PANAS) {#sec009}

We used PANAS to assess the current mood/affective state of the participants with state/feeling-descriptive statements \[[@pone.0219233.ref032]\]. PANAS has ten PA statements e.g. interested, enthusiastic, proud, and ten NA statements e.g. guilty, nervous, hostile. Each statement was measured using a five-point Likert scale ranging from very slightly or not at all to extremely, and then totalled to form overall PA or NA score with higher scores representing higher levels of PA or NA. In the current study, the internal reliability of PANAS was good with a Cronbach's alpha coefficient of .819, and .874 for PA and NA respectively.

Smartphone Addiction Scale (SAS) {#sec010}
--------------------------------

SAS is a 33-item self-report scale used to examine participants' smartphone addiction \[[@pone.0219233.ref033]\]. SAS contained six sub-factors; daily-life disturbance that measures the extent to which mobile phone use impairs one's activities during everyday tasks (5 statements), positive anticipation to describe the excitement of using phone and de-stressing with the use of mobile phone (8 statements), withdrawal refers to the feeling of anxiety when separated from one's mobile phone (6 statements), cyberspace-oriented relationship refers to one's opinion on online friendship (7 statements), overuse measures the excessive use of mobile phone to the extent that they have become inseparable from their device (4 statements), and tolerance points to the cognitive effort to control the usage of one's smartphone (3 statements). Each statement was measured using a six-point Likert scale from strongly disagree to strongly agree, and total SAS was identified by totalling all 33 statements. Higher SAS scores represented higher degrees of compulsive smartphone use. In the present study, the internal reliability of SAS was identified with Cronbach\'s alpha correlation coefficient of .918.

Phone conscious thought and perceived effect on learning {#sec011}
--------------------------------------------------------

We included a one-item question for phone conscious thought: "During the memory test how often do you think of your smartphone?". The aim of this question was two-fold; first was to capture endogenous interruption experienced by the separation, and second to complement the smartphone addiction to reflect current immediate experience. Participants rated this item on a scale of one (none to hardly) to seven (all the time). We also included a one-item question on how much they perceived their smartphone use has affected their learning and attention: "In general, how much do you think your smartphone affects your learning performance and attention span?". This item was similarly rated on a scale of one (not at all) to seven (very much).

Procedure {#sec012}
---------

We randomly assigned participants to one of two conditions: low-phone salience (LS) and high-phone salience (HS). Participants were tested in groups of three to six people in a university computer laboratory and seated two seats apart from each other to prevent communication. Each group was assigned to the same experimental condition to ensure similar environmental conditions. Participants in the HS condition were asked to place their smartphone on the left side of the table with the screen facing down. LS participants were asked to hand their smartphone to the researcher at the start of the study and the smartphones were kept on the researcher's table throughout the task at a distance between 50cm to 300cm from the participants depending on their seat location, and located out of sight behind a small panel on the table.

At the start of the experiment, participants were briefed on the rules in the experimental lab, such as no talking and no smartphone use (for HS only). Participants were also instructed to silence their smartphones. They filled in the consent form and demographic form before completing the PANAS questionnaire. They were then directed to CogLab software and began the working memory test. Upon completion, participants were asked to complete the PANAS again followed by the SAS, phone conscious thought, and their perception of their phone use on their learning performance and attention span. The researcher thanked the participants and returned the smartphones (LS condition only) at the end of the task.

Statistical analysis {#sec013}
--------------------

We examined for normality in our data using the Shapiro-Wilk results and visual inspection of the histogram. For the normally distributed data, we analysed our data using independent-sample *t*-test for comparison between groups (HS or LS), paired-sample *t* test for within groups (e.g. before and after phone separation), and Pearson *r* for correlation. Non-normally distributed or ranked data were analysed using Spearman rho for correlation.

Results {#sec014}
=======

Preliminary analyses {#sec015}
--------------------

Our female participants reported using their smartphone significantly longer than males, and so we examined the effects of gender on memory recall accuracy. We found no significant difference between males and females on memory recall accuracy, *t* (117) = .18, *p* = .86, Cohen's *d* = .03. Subsequently, data were collapsed, analysed and reported on in the aggregate.

Smartphone presence and memory recall accuracy {#sec016}
----------------------------------------------

An independent-sample *t-*test was used to examine whether participants' performance on a working memory task was influenced by the presence (HS) or absence (LS) of their smartphone. Results showed that participants in the LS condition had higher accuracy (*M* = 14.21, *SD* = 2.61) compared to HS (*M* = 13.08, *SD* = 2.53), *t* (117) = 2.38, *p* = .02, Cohen's *d* = .44 (see [Fig 1](#pone.0219233.g001){ref-type="fig"}). The effect size ᶇ^2^ = .44 indicates that smartphone presence/salience has a moderate effect on participant working memory ability and a sensitivity power of .66.

![Mean memory accuracy between low phone salience (LS) and high phone salience (HS) groups (*n* = 119) \* *p* \< .05.](pone.0219233.g001){#pone.0219233.g001}

Relationship between Smartphone Addiction Score (SAS), higher phone conscious thought and memory recall accuracy {#sec017}
----------------------------------------------------------------------------------------------------------------

### SAS and memory recal {#sec018}

We first examined participants' SAS scores between the two conditions. Results showed no significant difference between the LS (M = 104.64, SD = 24.86) and HS (M = 102.70, SD = 20.45) SAS scores, t (117) = .46, p = .64, Cohen's d = .09. We predicted that those with higher SAS scores will have lower memory accuracy, and thus we examined the relationship between SAS and memory recall accuracy using Pearson correlation coefficient. Results showed that there was no significant relationship between SAS and memory recall accuracy, *r* = -.03, *n* = 119, *p* = .76. We also examined the SAS scores between the LS and HS groups on memory recall accuracy scores. In the LS group, no significant relationship was established between SAS score and memory accuracy, *r* = -.04, *n* = 58, *p* = .74. Similarly, there was no significant relationship between SAS score and memory accuracy in the HS group, *r* = .10, *n* = 61, *p* = .47. In the event that one SAS subscale may have a larger impact, we examined the relationship between each subscale and memory recall accuracy. Results showed no significant relationship between each sub-factor of SAS scores and memory accuracy, all *p*s \> .12 (see [Table 2](#pone.0219233.t002){ref-type="table"}).

10.1371/journal.pone.0219233.t002

###### Subscales of the Smartphone Addiction Scales (SAS) (*n* = 119).

![](pone.0219233.t002){#pone.0219233.t002g}

  Characteristics          *M*      *SD*    Min   Max   *r*~p~   *p* value
  ------------------------ -------- ------- ----- ----- -------- -----------
  Daily-life disturbance   16.63    5.12    5     29    .15      .11
  Positive anticipation    25.57    6.44    8     42    -.02     .80
  Withdrawal               17.63    5.52    7     32    -.06     .54
  Cyber relation           18.61    5.55    7     33    -.04     .69
  Overuse                  15.50    4.12    4     24    .15      .12
  Tolerance                9.70     3.49    3     18    -.01     .90
  Total scores             103.65   22.63   45    172   .03      .76

### Phone conscious thought and memory accuracy {#sec019}

We found a significant negative relationship between phone conscious thought and memory recall accuracy, *r*~*S*~ = -.25, *n* = 119, *p* = .01. We anticipated a higher phone conscious thought for the LS group since their phone was kept away from them during the task and examined the relationship for each condition. Results showed a significant negative relationship between phone conscious thought and memory accuracy in the HS condition, *r*~*S*~ = -.49, *n* = 61, *p* = \< .001, as well as the LS condition, *r*~*S*~ = -.27, *n* = 58, *p* = .04.

Affect/mood changes after being separated from their phone {#sec020}
----------------------------------------------------------

We anticipated that our participants may have experienced either an increase in negative affect (NA) or a decrease in positive affect (PA) after being separated from their phone (LS condition).

We first computed the mean difference (After minus Before) for both positive 'PA difference' and negative affect 'NA difference'. A repeated-measures 2 (Mood change: PA difference, NA difference) x 2 (Conditions: LS, HS) ANOVA was conducted to determine whether there is an interaction between mood change and condition. There was no interaction effect of mood change and condition, *F* (1, 117) = .38, *p* = .54, n~p~^2^ = .003. There was a significant effect of Mood change, *F* (1, 117) = 13.01, *p* \< .001, n~p~^2^ = .10 (see [Fig 2](#pone.0219233.g002){ref-type="fig"}).

![Mean positive affect (PA) and negative affect (NA) pre- and post-memory task between low phone salience (LS) and high phone salience (HS) groups (*n* = 119) \*\*\* *p* \< .001, \* *p* \< .05.](pone.0219233.g002){#pone.0219233.g002}

Subsequent post-hoc analyses showed a significant decrease in participants' positive affect before (*M* = 31.12, *SD* = 5.79) and after (*M* = 29.36, *SD* = 6.58) completing the memory task in the LS participants, *t* (57) = 2.48, *p* = .02, Cohen's *d* = .28 but not for the negative affect, Cohen's *d* = .07. A similar outcome was also shown in the HS condition, in which there was a significant decrease in positive affect only, *t* (60) = 3.45, *p* = .001, Cohen's *d* = .37 (see [Fig 2](#pone.0219233.g002){ref-type="fig"}).

### PA/NA difference on memory accuracy {#sec021}

We predicted that LS participants will experience either an increase in NA and/or a decrease in PA since their smartphones were taken away and that this will affect memory recall negatively. Results showed that LS participants who experienced a higher NA difference had poorer memory recall accuracy (*r*~s~ = -.394, *p* = .002). We found no significant relationship between NA difference and memory recall accuracy for HS participants (*r*~*s*~ = -.057, *p* = .663, *n* = 61) and no significant relationship for PA difference in both HS (*r*~*s*~ = .217, *p* = .093) and LS conditions (*r*~*s*~ = .063, *p* = .638).

Relationship between phone conscious thought, smartphone addiction scale and mood changes to memory recall accuracy {#sec022}
-------------------------------------------------------------------------------------------------------------------

Preliminary analyses were conducted to ensure no violation of the assumptions of normality, linearity, multicollinearity and homoscedasticity. There was a significant positive relationship between SAS scores and phone conscious thought, *r*~*S*~ = .25, *n* = 119, *p* = .007. Using the enter method, we found that phone conscious thought explained by the model as a whole was 19.9%, *R*^2^ = .20, *R*^2^~*Adjusted*~ = .17, *F* (4, 114) = 7.10, *p* \< .001. Phone conscious thought significantly predicted memory recall accuracy, *b* = -.63, *t* (114) = 4.76, *p* \< .001, but not for the SAS score, *b* = .02, *t* (114) = 1.72, *p* = .09, PA difference score, *b* = .05, *t* (114) = 1.29, *p* = .20, and NA difference score, *b* = .06, *t* (114) = 1.61, *p* = .11.

Perception between phone usage and learning {#sec023}
-------------------------------------------

For the participants' perception of their phone usage on their learning and attention span, we found no significant difference between LS (*M* = 4.22, *SD* = 1.58) and HS participants (*M* = 4.07, *SD* = 1.62), *t* (117) = .54, *p* = .59, Cohen's *d* = .09. There was also no significant correlation between perceived cognitive interference and memory accuracy, *r* = .07, *p* = .47.

Discussion {#sec024}
==========

We aimed \[[@pone.0219233.ref001]\] to examine the effect of smartphone presence on memory recall accuracy and \[[@pone.0219233.ref002]\] to investigate the relationship between affective states, phone conscious thought, and smartphone addiction to memory recall accuracy. For the former, our results were consistent with prior studies \[[@pone.0219233.ref011]--[@pone.0219233.ref013]\] in that participants had lower accuracy when their smartphone was next to them (HS) and higher accuracy when separated from their smartphones (LS). For the latter, we predicted that the short-term separation from their smartphone would evoke some anxiety, identified by either lower PA or higher NA post-test. Our results showed that both groups had experienced a decrease in PA post-test, suggesting that the reduced PA is likely to have stemmed from the prohibited usage (HS) and/or separation from their phone (LS). Our results also showed lower memory recall in the LS group who experienced higher NA providing some evidence that separation from their smartphone does contribute to feelings of anxiety. This is consistent with past studies in which participants reported increased anxiety over time when separated from their phones \[[@pone.0219233.ref014]\], or when smartphone usage was prohibited \[[@pone.0219233.ref017]\].

We also examined another variable--phone conscious thought--described in past studies \[[@pone.0219233.ref011],[@pone.0219233.ref013]\], as a measure of smartphone addiction. Our findings showed that phone conscious thought is negatively correlated to memory recall in both HS and LS groups, and uniquely contributed 19.9% in our regression model. We propose that phone conscious thought is more relevant and meaningful compared to SAS as a measure of smartphone addiction \[[@pone.0219233.ref015]\] because unlike the SAS, this question can capture endogenous interruptions from their smartphone behaviour and participants were to simply report their behaviour within the last hour. The SAS is better suited to describe problematic smartphone use as the statements described behaviours over a longer duration. Further, SAS statements included some judgmental terms such as fretful, irritated, and this might have influenced participants' ability in recalling such behaviour. We did not find any support for high smartphone addiction to low memory recall accuracy. Our participants in both HS and LS groups had similar high SAS scores, and they were similar to Kwon et al. \[[@pone.0219233.ref033]\] study, providing further evidence that smartphone addiction is relatively high in the student population compared to other categories such as employees, professionals, unemployed. Our participants' high SAS scores and primary use of the smartphone was for social media signals potential problematic users \[[@pone.0219233.ref034]\]. Students' usage of social networking (SNS) is common and the fear of missing out (FOMO) may fuel the SNS addiction \[[@pone.0219233.ref035]\]. Frequent checks on social media is an indication of lower levels of self-control and may indicate a need for belonging.

Our results for the presence of a smartphone and frequent phone conscious thought on memory recall is likely due to participants' cognitive load 'bandwidth effect' that contributed to poor memory recall rather than a failure in their memory processes. Past studies have shown that participants with smartphones could generally perform simple cognitive tasks as well as those without, suggesting that memory failure in participants themselves to be an unlikely reason \[[@pone.0219233.ref001],[@pone.0219233.ref003],[@pone.0219233.ref005]\]. Due to our study design, we are unable to tease apart whether the presence of the smartphone had interfered with encoding, consolidation, or recall stage in our participants. This is certainly something of consideration for future studies to determine which aspects of memory processes are more susceptible to smartphone presence.

There are several limitations in our study. First, we did not ask the phone conscious thought at specific time points during the study. Having done so might have determined whether such thoughts impaired encoding, consolidating, or retrieval. Second, we did not include the simple version of this task as a comparison to rule out possible confounds within the sample. We did maintain similar external stimuli in their environment during testing, e.g. all participants were in one specific condition, lab temperature, lab noise, and thereby ruling out possible external factors that may have interfered with their memory processes. Third, the OS task itself. This task is complex and unfamiliar, which may have caused some disadvantages to some participants. However, the advantage of an unfamiliar task requires more cognitive effort to learn and progress and therefore demonstrates the limited cognitive load capacity in our brain, and whether such limitation is easily affected by the presence of a smartphone. Future studies could consider allowing participants to use their smartphone in both conditions and including eye-tracking measures to determine their smartphone attachment behaviour.

Implications {#sec025}
------------

Future studies should look into the online learning environment. Students are often users of multiple electronic devices and are expected to use their devices frequently to learn various learning materials. Because students frequently use their smartphones for social media and communication during lessons \[[@pone.0219233.ref034],[@pone.0219233.ref036]\], the online learning environment becomes far more challenging compared to a face-to-face environment. It is highly unlikely that we can ban smartphones despite evidence showing that students performed poorer academically with their smartphones presented next to them. The challenge is then to engage students to remain focused on their lessons while minimising other content. Some online platforms (e.g. Kahoot and Mentimeter) create a fun interactive experience to which students complete tasks on their smartphones and allow the instructor to monitor their performance from a computer. Another example is to use Twitter as a classroom tool \[[@pone.0219233.ref037]\].

The ubiquitous nature of the smartphone in our lives also meant that our young graduates are constantly connected to their smartphones and very likely to be on SNS even at work. Our findings showed that the most frequently used feature was the SNS sites e.g. Instagram, Facebook, and Twitter. Being frequently on SNS sites may be a challenge in the workforce because these young adults need to maintain barriers between professional and social lives. Young adults claim that SNS can be productive at work \[[@pone.0219233.ref038]\], but many advise to avoid crossing boundaries between professional and social lives \[[@pone.0219233.ref039],[@pone.0219233.ref040]\]. Perhaps a more useful approach is to recognise a good balance when using SNS to meet both social and professional demands for the young workforce.

Conclusion {#sec026}
==========

In conclusion, the presence of the smartphone and frequent thoughts of their smartphone significantly affected memory recall accuracy, demonstrating that they contributed to an increase in cognitive load 'bandwidth effect' interrupting participants' memory processes. Our initial hypothesis that experiencing higher NA or lower PA would have reduced their memory recall was not supported, suggesting that other factors not examined in this study may have influenced our participants' affective states. With the rapid rise in the e-learning environment and increasing smartphone ownership, smartphones will continue to be present in the classroom and work environment. It is important that we manage or integrate the smartphones into the classroom but will remain a contentious issue between instructors and students.
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

Reviewer \#2: Partly

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The present study examined the mnemonic consequences associated with the presence of a smartphone. Overall, the authors found that participants without their cellphones had higher accuracy scores than those who had their cell phones present. They also found a negative correlation between accuracy and \"phone conscious thought.\"

Overall, I think this is an interesting area of research. However, the following issues need to be addressed before I can recommend publication. I will start with the larger issues before moving to the smaller issues:

Larger issues

-Probably the biggest issue I found was the interpretation of their results. For example, on pg. 17, the authors state that \"Although we did not find a significant relationship between SAS to memory accuracy, our measurements to \'phone conscious thought\' is more relevant and meaningful because it measured participants separation anxiety\...\" This simply cannot be true: First, the question representing\" phone conscious thought\" asks \"During the memory test how often do you think of your smartphone?\" What does this even mean, exactly? How did participants interpret this question? Either way, I think it is quite a stretch to consider this anxiety. And, second, the SAS included a \"\'Withdrawal\' sub-factor \[that\] describ\[ed\] the feeling of anxiety when separated from one\'s mobile phone.\" (pg. 9), but the authors found no significant correlations for any of the subfactors. Thus, not sure how a vague question about thoughts better represents anxiety than the specify subfactor of the SAS.

-Additionally, the authors suggestion that the decrease in positive affect is the result of \"prohibited usage/or separation from their phone\" (pg. 18). But the authors have no data to support this. For all they know, the participants had a decrease in positive affect simply because they were participating in a study since both groups exhibited this.

-In terms of the procedure, I\'m a little concerned that only the \"HS group\" were told \"no phone use.\" Obviously, I get the logic of this given that the phone was present for them but not for the \"LS group.\" However, this could be a significant confound. Indeed, this could have drawn the participants attention to the fact that they couldn\'t use it and, in turn, could have distracted them, not simply because it was present but because of the fact that they were told they couldn\'t use their phone.

-Additionally, did the authors run any preliminary analysed based on how many participants were in each group when they participated? Given the importance just the mere presence of a cell is for the present study, the present of others could have influenced their results as well.

Smaller Issues:

-How is the reader supposed to know what \"phone conscious though\" means in the abstract?

-Pg. 2, Lines 13-14: A citation is needed to support this.

-Pg. 2 and throughout: \"e.g.\" and \"i.e.\" should only be used in parentheses. Otherwise, it should be \"for example\" and \"that is\" respectively and should always have commas around them.

-Pg. 2, Line 19: \"Undoubtedly, the constant connectivity is applauded and desired\...\" This is way too editorial.

-Pg. 3, Line 38: Describe what the \"digit cancelation task\" is

-Pg. 3, Lines 41-42: \"a mobile phone or a phone-sized notebook placed on participant\'s table before complete the tasks.\" Is not a complete sentence.

-Pg. 3, Line 42: \"\...showed no significant on\...\" Awkward. Reword

-Pg. 3, Line 43: Insert \"the\" between \"during\" and \"simple\"

-Pg. 3, Line 52: \"in\" should be \"on\" (there are a lot of typos throughout. I won\'t highlight them all, but a careful proofreading is necessary

-Pg. 3, Lines 54 & 57: Why do the authors provide the citation number to Ward et al., at the second instance and not the first?

-Pg. 4, Lines 73-78: I think all those sentences could be integrated and stated much more succinctly

-Pg. 5, Line 89 and throughout: The authors use the term \"memory\" throughout. However, there are many different types of memory. They should specify what they mean exactly by \"memory\" at each instance.

-Pg. 5, Prior to \"present study\": I think the authors could do a better job of more explicitly stating what gap in the literature the their study will fill.

-Results: Generally speaking, all t-tests should include cohen\'s d

-Pg. 7, Line 138: \"begun\" should be \"began.\"

-Pg. 8, Line 153 & 161: Technically, the 5 should be spelled out. However, at the very least, keep it consistent. That is, the authors us 5 and spell out six.

-Smartphone addiction Scale: Many of the sentences in this section have errors and need to be fixed. Additionally, the authors use \"secondly\" on line 167, but there\'s no \"first\" and there\'s no \"third,\" etc\... Also, examples of each of the sub-factors should be included.

-Pg. 10: Some of this should be in the materials, not the procedure.

-Pg. 11, Gender: Why not include this analysis as a preliminary analysis. If gender, alternatively, is an important issue, then is should be set up as such in the lit review and the authors should examine the interaction with an F-test.

-Pg. 12, Lines 215-220: This should be a preliminary analysis. There\'s no reason to expect a difference between the groups assuming they were assigned randomly

-Pg. 13 (and elsewhere): The authors sometimes repeat the question in the results. This isn\'t needed. It\'s redundant.

-Pg. 14: Why didn\'t the authors run an ANOVA to examine for an interaction between mood change and condition?

-Pg. 15: More information is needed in terms of the variables included in the model.

-Pg. 18: There are no studies suggested under \"Further Studies.\" The closest is a meaningless sentence: \"Future studies should look into the online learning environment.\"

-Pgs. 18-19: \"These behaviors are likely to remain the same when students graduate and move into the workforce.\" Can the authors provide a citation to back this up or what are the authors basing this on?

-Pg. 19, Lines 327-330: I don\'t understand this sentence or example\...

-Pg. 19, Lines 342-343: \"\...the extent of the device purpose\...\" is awkward sounding.

Overall, many typos and awkward phrases. A careful proofreading is necessary.

Reviewer \#2: 1. Is the manuscript technically sound, and do the data support the conclusions?

• How was sample size determined? Seems arbitrary, with no power analysis.

• The addition of "phone-conscious thought" is a construct that does not seem to be validated in the peer reviewed literature. It's ok to include this, but the methods behind the development of these questions should be clearly stated, and the authors must define this construct. There are some problems with how it is defined, because the question used relies specifically on phone-related thoughts during the task, while the phone is either in their presence (HS) or absent (LS). So, this question appears to serve as more of a manipulation check rather than a true measurement of phone-conscious thought. There are many issues with the construct of "phone-conscious thought" in the current manuscript.

• Why is affect measured both before and after the memory test? Explain the rationale. Is the memory test expected to influence mood in any way?

• The inclusion of the phone-conscious thought question in the beginning of the study may have primed participants to think about their phones more overall, and this may have inflated the differences between the LS and HS groups.

• There should have been a 3rd control group where participants were given no instruction about what to do with their phone. This would help assess whether the LS group experienced lower recall or if the HS group experienced higher recall, relative to baseline.

\*2. Has the statistical analysis been performed appropriately and rigorously?

• Results for the affect/mood changes are very unclear and should be edited to be more precise. Needs to be much more descriptive.

\*3. Have the authors made all data underlying the findings in their manuscript fully available?

Yes

\*4. Is the manuscript presented in an intelligible fashion and written in standard English?

The writing is unclear at times with strange vocabulary choices (e.g. "Undoubtedly, the constant connectivity is applauded and desired but this has also spiralled into an obsession with the device for many individuals" lines 19-20). What do the authors mean by "applauded and desired"? Further, writing around the explanations of the relevant literature is imprecise and should be cleaned up so that no previous findings can be mischaracterized. Requires rigorous editing to be publishable, in my opinion.

Lines 57-58: In which direction? And in which tasks? All of them? Needs much greater precision.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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18 October 2019

Dear Academic Editor,

We would like to express our thanks and gratitude for the helpful comments raised in our paper. Below is a point-by-point response to each comment/question. Please note that the line numbers and pages is taken from the clean version of the revised manuscript. The citations and references are also taken from the clean manuscript, and as such the numbering of the references will be off in this letter.

Best regards,

C Tanil & MH Yong
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Reviewers\' comments:

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The present study examined the mnemonic consequences associated with the presence of a smartphone. Overall, the authors found that participants without their cellphones had higher accuracy scores than those who had their cell phones present. They also found a negative correlation between accuracy and \"phone conscious thought.\"

Overall, I think this is an interesting area of research. However, the following issues need to be addressed before I can recommend publication. I will start with the larger issues before moving to the smaller issues:

\*\* we thank you for your insightful comments. We have addressed each point in subsequent pages.

Larger issues

-Probably the biggest issue I found was the interpretation of their results. For example, on pg. 17, the authors state that \"Although we did not find a significant relationship between SAS to memory accuracy, our measurements to \'phone conscious thought\' is more relevant and meaningful because it measured participants separation anxiety\...\" This simply cannot be true: First, the question representing\" phone conscious thought\" asks \"During the memory test how often do you think of your smartphone?\" What does this even mean, exactly? How did participants interpret this question? Either way, I think it is quite a stretch to consider this anxiety. And, second, the SAS included a \"\'Withdrawal\' sub-factor \[that\] describ\[ed\] the feeling of anxiety when separated from one\'s mobile phone.\" (pg. 9), but the authors found no significant correlations for any of the subfactors. Thus, not sure how a vague question about thoughts better represents anxiety than the specify subfactor of the SAS.

\*\*\* We thank the reviewer for this comment.

We should explain our reasoning for asking 'phone conscious thought' question. In Ward et al.'s study, they included three questions post-task, and we used two out of three questions. The two questions were (1) phone conscious thought "how often were you thinking about your cellphone" and (2) "...to what extent they believed their phones affected their performance and attention spans" (p. 145). The third question was about phone location, and we did not ask this question because we only had two locations and is a pointless question in our study. Ward et al. found that as smartphone salience increases (measured by the 3 questions), available cognitive capacity decreases -- which is an indication that this particular question is meaningful to tap endogenous interruptions due to smartphone-related usage throughout the task. Even though the participants in both LS and HS conditions were not allowed to use their phone, their high phone use (average use per day in our sample was 8.16 hours, and 47% participants or 56 out of 119, are considered as addicted when compared to Kwon's sample) might have evoked such thoughts, as suggested by Wilmer and Chien (2017) in their review. Some participants consider their smartphone as a 'limb' and losing this 'limb' is more common and has powerful effects than previously thought.

In Kwon et al.'s paper, the authors described the withdrawal sub-factor as "...involves being impatient, fretful, and intolerable without a smartphone, constantly having one's smartphone in one's mind even while not using it, never giving up using one's smartphone, and becoming irritated when bothered while using one's smartphone..." (p. 7). The 6 specific questions are as follows:

1\. Won't be able to stand not having a smartphone

2\. Feeling impatient and fretful when I am not holding my smartphone

3\. Having my smartphone in my mind even when I'm not using it

4\. I will never give up using my smartphone even when my daily life is already greatly affected by it.

5\. Getting irritated when bothered while using my smartphone

6\. Bringing my smartphone to the toilet even when I am in a hurry to get there

One of the bigger challenges in using self-reported survey such as SAS is that these questions brings further attention to their behaviour which may then indirectly affects their response behaviour "social desirability" and/or inability to recall the frequency of such behaviour. Having the phone conscious thought is more spot-on and without the risk of both social desirability (negative terms such as impatient, fretful, irritation) and asking individuals to reflect on their past behaviour.

As to what our participants thought of seeing this question, we think that this is a simple straightforward question. We have since added more information about phone conscious thought in Abstract (page 2, line 6), Introduction (page 6, line 91-97), and Discussion (page 19, line 347-353).

-Additionally, the authors suggestion that the decrease in positive affect is the result of \"prohibited usage/or separation from their phone\" (pg. 18). But the authors have no data to support this. For all they know, the participants had a decrease in positive affect simply because they were participating in a study since both groups exhibited this.

\*\*\* We thank the reviewer for this comment. Indeed, both LS and HS groups experienced a decrease in PA. We realised that the sentences were misleading, and we apologise for the confusion. We have since reworded the sentences, see below and also on page 20, Line 364-369.

"While both groups showed a decrease in PA after completing the tasks, it is possible that the reduced PA is likely to have stemmed from the prohibited usage "HS" and/or separation from their phone "LS". This is consistent with Cheever et al. (15), whose participants reported increased anxiety over time when separated from their phones and with Clayton, Leshner and Almond (18) findings, where participants were unable to use their phone."

-In terms of the procedure, I\'m a little concerned that only the \"HS group\" were told \"no phone use.\" Obviously, I get the logic of this given that the phone was present for them but not for the \"LS group.\" However, this could be a significant confound. Indeed, this could have drawn the participants attention to the fact that they couldn\'t use it and, in turn, could have distracted them, not simply because it was present but because of the fact that they were told they couldn\'t use their phone.

\*\*\* Thank you for this comment. The participants were informed to put their phones on silent, and either leave them at their side (HS) or hand them over to the researcher (LS). No phone use instruction was provided to both groups to prevent one group from accessing their phone over another. We have included this confound in the Discussion and suggested improvements. Please see revised section on page 20, line 369-373.

"Future studies could consider allowing participants to use their phone in both conditions and including eye tracking measures to determine their phone attachment behaviour."

-Additionally, did the authors run any preliminary analysed based on how many participants were in each group when they participated? Given the importance just the mere presence of a cell is for the present study, the present of others could have influenced their results as well.

\*\*\* We thank the reviewer for this comment. We did not analyse for the presence of others as each session was mainly comprised of 3 participants only. We only had 2 sessions of 6 pax per session throughout.

Smaller Issues:

-How is the reader supposed to know what \"phone conscious though\" means in the abstract?

\*\*\* Thank you for highlighting this. Please see revised section on page 2, line 6.

-Pg. 2, Lines 13-14: A citation is needed to support this.

\*\*\* Thank you. We have added a new citation "GeekWire". Please see the addition on page 3, line 14.

-Pg. 2 and throughout: \"e.g.\" and \"i.e.\" should only be used in parentheses. Otherwise, it should be \"for example\" and \"that is\" respectively and should always have commas around them.

\*\*\* Thank you. We have made the changes throughout.

-Pg. 2, Line 19: \"Undoubtedly, the constant connectivity is applauded and desired\...\" This is way too editorial.

\*\*\* Thank you. We have revised the sentence (see below) and on page 3, line 18-19.

"Smartphones today have many functions that allows one to be constantly connected to others but this ..."

-Pg. 3, Line 38: Describe what the \"digit cancelation task\" is

\*\*\* Thank you for highlighting this omission. We have added the following sentence on page 4, line 40-44.

"The digit cancellation task involves crossing out one digit from a series of numbers with reference to a target number. Performance is measured by referring to the number of lines completed and a cancellation score based on the total number of targets possible for the lines completed minus the number of errors made (failure to cancel a target or mistakenly cancelled an inappropriate number)."

-Pg. 3, Lines 41-42: \"a mobile phone or a phone-sized notebook placed on participant\'s table before complete the tasks.\" Is not a complete sentence.

\*\*\* Thank you. We have revised the sentence to "...two groups; a mobile phone or a phone-sized notebook, which were placed on participant's table before\..." Please see page 4, line 46.

-Pg. 3, Line 42: \"\...showed no significant on\...\" Awkward. Reword

\*\*\* Thank you. We have revised the sentence to "...significance difference on performance between the phone and notebook condition for the simple digit ...." Please see page 4, line 47.

-Pg. 3, Line 43: Insert \"the\" between \"during\" and \"simple\"

\*\*\* Thank you. Please refer to the above comment as the sentence has been revised.

-Pg. 3, Line 52: \"in\" should be \"on\" (there are a lot of typos throughout. I won\'t highlight them all, but a careful proofreading is necessary

\*\*\* Thank you. We have engaged a native English speaker to proof read our revised manuscript.

-Pg. 3, Lines 54 & 57: Why do the authors provide the citation number to Ward et al., at the second instance and not the first?

\*\*\* Thank you for highlighting this. We have since revised this.

-Pg. 4, Lines 73-78: I think all those sentences could be integrated and stated much more succinctly

\*\*\* Thank you. We have made the changes. Please see page 5, line 77-83.

-Pg. 5, Line 89 and throughout: The authors use the term \"memory\" throughout. However, there are many different types of memory. They should specify what they mean exactly by \"memory\" at each instance.

\*\*\* Thank you. We have since included specific types of memory when describing past studies in earlier and subsequent pages.

-Pg. 5, Prior to \"present study\": I think the authors could do a better job of more explicitly stating what gap in the literature the their study will fill.

\*\*\* Thank you. We have included a research gap in our aim under Present Study. Please see section below, and also found on page 7, line 112-121.

"Prior studies have demonstrated the detrimental effects of one's smartphone on cognitive function (e.g. working memory (13), visual spatial search (14), attention (12)), and decreased cognitive ability with increasing attachment to one's phone (15,17,20). In addition to the presence of a mobile phone , it is also possible that one's current affective state influences cognitive performance (21--23). But we are uncertain whether one's current positive or negative affective / mood states plays a bigger role on cognitive function such as memory recall accuracy, suggesting a more complex relationship between current mood states and memory recall accuracy. To our knowledge, no study has examined the relationship between mood states and memory recall accuracy, with smartphone addiction and phone conscious thought as potential mediators. We hypothesised ... "

-Results: Generally speaking, all t-tests should include cohen\'s d

\*\*\* Thank you. We have added Cohen's d for all t-tests.

-Pg. 7, Line 138: \"begun\" should be \"began.\"

\*\*\* Thank you. We have made the change.

-Pg. 8, Line 153 & 161: Technically, the 5 should be spelled out. However, at the very least, keep it consistent. That is, the authors us 5 and spell out six.

\*\*\* Thank you. We have made the change.

-Smartphone addiction Scale: Many of the sentences in this section have errors and need to be fixed. Additionally, the authors use \"secondly\" on line 167, but there\'s no \"first\" and there\'s no \"third,\" etc\... Also, examples of each of the sub-factors should be included.

\*\*\* Thank you. We have made the changes to include sample questions for each sub-factor. Please see page 10-11, line 190-216.

-Pg. 10: Some of this should be in the materials, not the procedure.

\*\*\* We have since relooked at our procedure and move out some items (e.g. phone conscious thought, and perception on learning) into Materials.

-Pg. 11, Gender: Why not include this analysis as a preliminary analysis. If gender, alternatively, is an important issue, then is should be set up as such in the lit review and the authors should examine the interaction with an F-test.

\*\*\* Thank you for this comment. Gender is not of interest in this study. However, we found that in our sample, females spent more time on their phone compared to males and wanted to determine if there is a gender effect on memory accuracy. We have included a preliminary analysis to include gender analysis under Results section. Please see page 14, line 255-258.

-Pg. 12, Lines 215-220: This should be a preliminary analysis. There\'s no reason to expect a difference between the groups assuming they were assigned randomly

\*\*\* Indeed, we agree with this comment that there should not be any difference. However, this analysis is more of a precautionary measure. Please see page 14, line 258-261.

-Pg. 13 (and elsewhere): The authors sometimes repeat the question in the results. This isn\'t needed. It\'s redundant.

\*\*\* We have now changed our sentences to better reflect our findings.

-Pg. 14: Why didn\'t the authors run an ANOVA to examine for an interaction between mood change and condition?

\*\*\* Thank you for this suggestion. We have not only added this, but also explained what is PA and NA difference. Please see page 17, line 298-303.

"We first computed the mean difference (After minus Before) for both positive 'PA difference' and negative affect 'NA difference'. A repeated-measures 2 (Mood change: PA difference, NA difference) x 2 (Conditions: LS, HS) ANOVA was conducted to determine whether there is an interaction between mood change and condition. There was no interaction effect of mood change and condition, F (1, 117) = .38, p = .54, np2 = .003. There was a significant effect of Mood change, F (1, 117) = 13.01, p \< .001, np2 = .10 (see Fig 2)."

-Pg. 15: More information is needed in terms of the variables included in the model.

\*\*\* Thank you. We have added more information about PA and NA difference score in the earlier results. Please see the above explanation.

-Pg. 18: There are no studies suggested under \"Further Studies.\" The closest is a meaningless sentence: \"Future studies should look into the online learning environment.\"

\*\*\* Thank you. What we meant is actually Implications, rather than Future Studies. We have now reworded the sub-heading.

-Pgs. 18-19: \"These behaviors are likely to remain the same when students graduate and move into the workforce.\" Can the authors provide a citation to back this up or what are the authors basing this on?

\*\*\* We have revised this section. Please refer to page 21, line 387-395.

"The ubiquitous nature of the smartphone in our lives also meant that our young graduates are constantly connected to their phones and very likely to be on SNS even at work. Our findings showed that the most frequently used feature was the SNS sites e.g. Instagram, Facebook, and Twitter. Being frequently on SNS sites may be a challenge in the workforce because these young adults need to maintain barriers between professional and social lives. Young adults claim that SNS can be productive at work (33), but many advise to avoid crossing boundaries between professional and social lives (34,35). Perhaps a more useful approach is to recognise a good balance when using SNS to meet both social and professional demands for the young workforce."

-Pg. 19, Lines 327-330: I don\'t understand this sentence or example\...

\*\*\* We have reworded this section. Please see above.

-Pg. 19, Lines 342-343: \"\...the extent of the device purpose\...\" is awkward sounding.

Overall, many typos and awkward phrases. A careful proofreading is necessary.

\*\*\* We have revised it to "... integrate the phones into the classroom but will remain as a contentious issue between... " See page 21, line 405.

 

Reviewer \#2: 1. Is the manuscript technically sound, and do the data support the conclusions?

• How was sample size determined? Seems arbitrary, with no power analysis.

\*\*\* Thank you for this comment. We reported observed power of .66 in our findings, and effect size of ᶇ2 = .44. Please see the added content below and on page 8, line 134-136.

"Using G\*Power v. 3.1.9.2 , we need 76 participants with an effect size of d = .65, α = .05 and power (1-β) = .8 based on Thornton et al.'s study, and 128 participants based on numbers from Ward's study. "

• The addition of "phone-conscious thought" is a construct that does not seem to be validated in the peer reviewed literature. It's ok to include this, but the methods behind the development of these questions should be clearly stated, and the authors must define this construct. There are some problems with how it is defined, because the question used relies specifically on phone-related thoughts during the task, while the phone is either in their presence (HS) or absent (LS). So, this question appears to serve as more of a manipulation check rather than a true measurement of phone-conscious thought. There are many issues with the construct of "phone-conscious thought" in the current manuscript.

\*\*\* we thank the reviewer for this insightful comment. We certainly did not intend this question to be a manipulation check about their phones. We acknowledged that we omitted a fair amount of phone conscious thought in our earlier submission. We have since added more information about phone conscious thought in Abstract (page 2, line 6), Introduction (page 6, line 91-97), and Discussion (page 19, line 347-353).

• Why is affect measured both before and after the memory test? Explain the rationale. Is the memory test expected to influence mood in any way?

\*\*\* we thank the reviewer for this comment. We realised that this is a major oversight on our part. The main reason for including affect measurement before and after was derived on the possibility that one's mood may affect your cognitive function, and not simply due to phone presence. We have since made this clearer under Present Study (refer to page 7, line115-121 and in Results (refer to page 16-17, line 295-309).

• The inclusion of the phone-conscious thought question in the beginning of the study may have primed participants to think about their phones more overall, and this may have inflated the differences between the LS and HS groups.

\*\*\* we thank the reviewer for this comment. The phone conscious thought was asked at the end of the memory task. This was included in the Procedure section, page 12, line 243.

• There should have been a 3rd control group where participants were given no instruction about what to do with their phone. This would help assess whether the LS group experienced lower recall or if the HS group experienced higher recall, relative to baseline.

\*\*\* We thank the reviewer for this comment. One of the objectives in this study to examine the effect of a phone presence when participants are completing a simple learning and memory task. For this objective, we had two conditions; phone present (HS) and phone absent (LS). By having a third control with no instructions on what to do with the phone is addressing a different objective and that's not part of our study objectives. We acknowledged that instruction on phone use may possibly be a confound and as such, we have addressed this limitation in our Discussion (see page 20, line 371-373).

\*2. Has the statistical analysis been performed appropriately and rigorously?

• Results for the affect/mood changes are very unclear and should be edited to be more precise. Needs to be much more descriptive.

\*\*\* We noted this. We have since revised this section. Please see page 16-17, line 295-309

\*3. Have the authors made all data underlying the findings in their manuscript fully available?

Yes

\*4. Is the manuscript presented in an intelligible fashion and written in standard English?

The writing is unclear at times with strange vocabulary choices (e.g. "Undoubtedly, the constant connectivity is applauded and desired but this has also spiralled into an obsession with the device for many individuals" lines 19-20). What do the authors mean by "applauded and desired"? Further, writing around the explanations of the relevant literature is imprecise and should be cleaned up so that no previous findings can be mischaracterized. Requires rigorous editing to be publishable, in my opinion.

\*\*\* We thank the reviewer for this comment. We have engaged a native English speaker to proofread our manuscript in accordance with academic writing practices.

Lines 57-58: In which direction? And in which tasks? All of them? Needs much greater precision.

\*\*\* we thank the reviewer for this comment. We have revised this sentence to better inform the reader on Ward et al.'s findings.
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PONE-D-19-17118R1

Mobile phones: The effect of its presence on learning and memory

PLOS ONE

Dear DR. Yong,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

I am very sorry for the delay in getting a decision for you.  It was difficult to get reviewers for your paper.  However I now have the response of two reviewers.  The first reviewer thought that your changes made the paper much better.  However there is still a fundamental question about what your paper is addressing.  The second reviewer raised this point as well and made an excellent suggestion that you need to discuss what mechanisms may explain your results and describe how they might be investigated.  You also need to work more on the overall writing style and make sure that the grammar is correct.  If you feel that you can address these issues please submit a revised version of the paper.Please note Reviewer One\'s points about the role of emotion and discuss how you might investigate its role in a future design as well as why that would be important.  Address all comments raised by the reviewers in your revision or justify why you are not addressing them.

We would appreciate receiving your revised manuscript by April 30 2020. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Barbara Dritschel, PhD

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: (No Response)

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#3: Partly

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: No

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Overall, I congratulate the authors on the revisions they\'ve made already. The paper is much better for it.

However, I still have some concerns.

Most notably, as far as I can tell, the contribution this manuscript makes to the literature is in the inclusion of emotion. Indeed, the authors make this point quite clear in their \"Present Study\" section. Indeed, they state \"But it is uncertain whether one\'s current positive or negative affective/mood states plays a bigger role on cognitive function\...\" but this doesn\'t seem to cohere very well with the rest of the paper. Barely anything is mentioned about emotion in the intro/lit. review (till the very end). In the analyses, the stats including emotion seem almost like an afterthought. Additionally, emotion is barely mentioned in the discussion. I realize that the authors found no statistical difference across groups, and therefore don\'t focus on them, but that raises another possible issue: interpreting a null result. If the primary motivation for this study was emotion, it seems to me that one would devise a different design whereby you also manipulate emotion and then examine the different conditions in terms of mobile phone salience.

Thus, at the heart of it, the present paper replicates prior research and then finds a null effect for their primary research question, making interpretations difficult.

For these reasons, I, unfortunately, am recommending rejection.

For the authors reference moving forward, the paper was still a bit hard to parse in places due to language issues throughout. I know the authors state that a native English speaker proofread it, but more diligent proofreading is needed in the future.

Reviewer \#3: The experiment presented in this paper is aimed at primarily investigating whether the salience of a phone (high vs. low) impacts memory accuracy. It is a fairly straightforward experimental design and set of results. My main concern is that the paper lacks a clear mechanism to explain the results. Is the main result (i.e., HS leads to lower memory accuracy than LS) due to the fact that high salience participants are distracted during encoding? Is it due to retrieval deficits? Do they not consolidate the information properly? Is it evidence of a bandwidth effect, by which phone-related thought intrusion interferes with memory processes?

My sense is that not only that the experimental design did not attempt to answer the question mechanistically, but there is no attempt to theoretically scaffold the results in a potential mechanism. I would advise the authors to at least speculate as to what could explains the set of results they obtained and to hint at possible investigation of the mechanism involved.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#3: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0219233.r004

Author response to Decision Letter 1

26 Apr 2020

Reviewer \#1: Overall, I congratulate the authors on the revisions they\'ve made already. The paper is much better for it.

However, I still have some concerns.

Most notably, as far as I can tell, the contribution this manuscript makes to the literature is in the inclusion of emotion. Indeed, the authors make this point quite clear in their \"Present Study\" section. Indeed, they state \"But it is uncertain whether one\'s current positive or negative affective/mood states plays a bigger role on cognitive function\...\" but this doesn\'t seem to cohere very well with the rest of the paper. Barely anything is mentioned about emotion in the intro/lit. review (till the very end). In the analyses, the stats including emotion seem almost like an afterthought. Additionally, emotion is barely mentioned in the discussion. I realize that the authors found no statistical difference across groups, and therefore don\'t focus on them, but that raises another possible issue: interpreting a null result. If the primary motivation for this study was emotion, it seems to me that one would devise a different design whereby you also manipulate emotion and then examine the different conditions in terms of mobile phone salience.

Thus, at the heart of it, the present paper replicates prior research and then finds a null effect for their primary research question, making interpretations difficult.

\*\*\* We thank you for this. We do agree that we have omitted a fairly huge amount on the affective state and have since revised the Introduction to explain the interactions between emotion and cognition. Please see Page 4-5, Line 60-73 in Introduction. We have also reorganised the Aim/Hypotheses section -- please see Page 5-6, Line 75-92.

For these reasons, I, unfortunately, am recommending rejection.

For the authors reference moving forward, the paper was still a bit hard to parse in places due to language issues throughout. I know the authors state that a native English speaker proofread it, but more diligent proofreading is needed in the future.

\*\*\* We do apologise for this and have since secured a second proof reader. We hope that the manuscript is far more legible now. We have also reorganised parts of the manuscript to make it more coherent.

\-\-\--

Reviewer \#3: The experiment presented in this paper is aimed at primarily investigating whether the salience of a phone (high vs. low) impacts memory accuracy. It is a fairly straightforward experimental design and set of results. My main concern is that the paper lacks a clear mechanism to explain the results. Is the main result (i.e., HS leads to lower memory accuracy than LS) due to the fact that high salience participants are distracted during encoding? Is it due to retrieval deficits? Do they not consolidate the information properly? Is it evidence of a bandwidth effect, by which phone-related thought intrusion interferes with memory processes?

My sense is that not only that the experimental design did not attempt to answer the question mechanistically, but there is no attempt to theoretically scaffold the results in a potential mechanism. I would advise the authors to at least speculate as to what could explains the set of results they obtained and to hint at possible investigation of the mechanism involved.

\*\*\* Thank you for this feedback. We will first address the question on whether the memory recall accuracy was due to encoding, consolidation or retrieval failure. From previous studies, simple versions of a cognitive task was not an issue between low salience (LS) and high salience (HS) participants (1--3) for they had similar performance levels. This suggests it is unlikely that participants had problems at either encoding, consolidation or retrieval for the simple tasks.

However in our study, we used OS Span task which is considered a complex task compared to simple memory span (4). Although we did not include simple memory span as a contrast to OS Span, previous studies suggest that this is not necessary because of similar performance levels across conditions. One of our aims was to replicate a previous study in investigating whether the presence of a smartphone was sufficient to affect memory recall accuracy (5). We found that our participants had significant difference in memory recall accuracy between HS and LS conditions, p = .02. While our results concurred with previous study findings, we are unable to tease apart whether the presence of the smartphone had interfered with encoding, consolidation, or recall phase in our participants. However there is a possibility that the separation from their smartphones may have caused feelings of anxiety, and anxiety may interrupt memory consolidation as suggested by some (6,7). This is certainly something of consideration for future studies.

Second, to the bandwidth effect interfering memory processes, we suspect that this might be the case, rather than an issue of failure in a specific memory process. This is because participants with smartphones or texters could generally perform simple cognitive tasks as well as those without, and the presence of the smartphone next to the participant is responsible for the increase in cognitive load (1,3,5).

Other than the smartphone presence to increase cognitive load, we intended to manipulate participants' affective state by prohibiting smartphone usage (HS) or taking it away (LS). Previous research has shown that experiencing positive affect (PA) or negative affect (NA) would influence cognitive performance (6--8). We predicted that the short-term separation from smartphone would evoke some anxiety, measured either having lower positive affect (PA) or higher negative affect (NA) post-test. We also predicted that separation from the phone is directly correlated to lower memory recall (LS condition) (part of hypothesis 2). An increase in NA or decrease in PA (as an indicator of separation anxiety to their smartphones) often have a negative effect on cognition (6,7). Further, one study shown an increased level of anxiety even in 10 minutes (9) and OS Span generally takes 20 minutes. Our results supported this hypothesis for LS participants who experienced a stronger negative affect had poorer memory recall accuracy (rs = -.394, p = .002, n = 58). This suggests that phone separation anxiety does increases cognitive load. We did not find any significant relationship between NA and memory recall accuracy for the HS participants and also for the PA difference in both groups (see Results, page 14-15, line 259-265).

We also examined another variable -- phone conscious thought -- described in past studies (3,5). Here, we found that phone conscious thought is negatively correlated to memory recall in both HS and LS conditions (see Results page 15, line 273), and uniquely contributed 19.9% in our regression model.

Taken together, the results showed that phone conscious thought is a significant contributor to the bandwidth effect interrupting their memory processes, and not the change in affective states as we had originally predicted. We do not think that participants' memory failed at critical points e.g. encoding, retrieval, consolidation. Our participants memory processes are not likely to be impaired as they are neurotypical young adults, unlike well-documented cases in ageing or traumatic brain injury populations. In conclusion, the presence of the smartphone and frequent thoughts of their smartphone were contributors that interrupted their memory processes.

We do acknowledge several limitations in our study. First, we did not ask the phone conscious thought at specific time points in this study. Having done so might determine whether such thoughts hindered encoding, consolidating, or retrieval. Second, we did not include the simple version of this task as a comparison to rule out possible confounds within the sample. We did maintain similar external stimuli in their environment during testing, e.g. all participants were in one specific condition, lab temperature, lab noise, and thereby ruling out possible external factors that may have interfered with their memory processes. Third, the OS task itself. This task is complex and unfamiliar, thus may have caused some disadvantages to some. However, the advantage of this task being likely to be more unfamiliar -- requiring more cognitive effort to learn and progress -- demonstrates the limited cognitive capacity in our brain, and whether such limitation is easily affected by a smartphone presence.
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Mobile phones: The effect of its presence on learning and memory

PLOS ONE

Dear Dr. Yong,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

I and another reviewer have carefully read your paper and the revisions that you made.  You have addressed many of the points but a few more changes need to be implemented before it can be accepted.  The main issues concern the introduction.  One phrase in Line 62 has no verb and therefore can not be a sentence.  You need to correct the grammatical structure.  Secondly it would be good if the introductory sentence to the paragraph beginning on line 61 indicated the relationship between cognition and affect is important for understanding the impact of mobile phone use on memory.  As it is written the paragraph does link well to the previous paragraphs.  Further line 82 makes reference to smart phone addiction very briefly but the discussion focuses a great deal on smart phone addiction.  You need to define smart phone addiction  and indicate why it is important to examine this construct in your study. Further you need to define the subscales in of the SAS in the methods and also justify under phone consious thought why you are including this question.

Please submit your revised manuscript by Aug 09 2020 11:59PM. If you will need more time than this to complete your revisions, please reply to this message or contact the journal office at <plosone@plos.org>. When you\'re ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). You should upload this letter as a separate file labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. You should upload this as a separate file labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. You should upload this as a separate file labeled \'Manuscript\'.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter. Guidelines for resubmitting your figure files are available below the reviewer comments at the end of this letter.

If applicable, we recommend that you deposit your laboratory protocols in protocols.io to enhance the reproducibility of your results. Protocols.io assigns your protocol its own identifier (DOI) so that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

We look forward to receiving your revised manuscript.

Kind regards,

Barbara Dritschel, PhD

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#3: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#3: Partly

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#3: No

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#3: The authors addressed my comments satisfactorily, so I recommend acceptance for the manuscript. I doubt, though, that anxiety plays a huge role in these dynamics, given that it is hard to imagine that one would be able to create the levels of anxiety necessary for the disruption of cognitive function by simply temporarily removing their phones.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#3: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0219233.r006

Author response to Decision Letter 2

14 Jul 2020

1\. The main issues concern the introduction. One phrase in Line 62 has no verb and therefore can not be a sentence. You need to correct the grammatical structure.

\*\*\* We thank the editor for pointing this out. We have since removed the sentence.

2\. Secondly it would be good if the introductory sentence to the paragraph beginning on line 61 indicated the relationship between cognition and affect is important for understanding the impact of mobile phone use on memory. As it is written the paragraph does link well to the previous paragraphs.

\*\*\* We thank the editor for this comment. We have revised the paragraph, please see Line 60-61, page 4.

"Further, we need to consider the relationship between cognition and emotion to understand how frequent mobile phone use affects memory e.g. memory consolidation. Some empirical findings ... "

3\. Further line 82 makes reference to smart phone addiction very briefly but the discussion focuses a great deal on smart phone addiction. You need to define smart phone addiction and indicate why it is important to examine this construct in your study.

\*\*\* We thank the reviewer for omission on our part. Please find the newly added sentences below on Line 83-88, page 5-6.

"One in every four young adults is reported to have problematic smartphone use and this is accompanied by poor mental health e.g. higher anxiety, stress, depression (Sohn et al., 2019). One report showed that young adults reached for their phones 86 times in a day on average compared to 47 times in other age groups (Deloitte Development LLC, 2017). Young adults also reported that they "definitely" or "probably" used their phone too much, suggesting that they recognised their problematic smartphone use. "

4\. Further you need to define the subscales in of the SAS in the methods and also justify under phone consious thought why you are including this question.

\*\*\* We thank the reviewer for this comment. Please see the inclusion for SAS subscales on Line 159-166, page 9.

"SAS contained six sub-factors; daily-life disturbance that measures the extent to which mobile phone use impairs one's activities during everyday tasks (5 statements), positive anticipation to describe the excitement of using phone and de-stressing with the use of mobile phone (8 statements), withdrawal refers to the feeling of anxiety when separated from one's mobile phone (6 statements), cyberspace-oriented relationship refers to one's opinion on online friendship (7 statements), overuse measures the excessive use of mobile phone to the extent that they have become inseparable from their device (4 statements), and tolerance points to the cognitive effort to control the usage of one's smartphone (3 statements)."

We have also added the justification to the phone conscious thought. Please see this inclusion on Line 173-175, page 9.

"The aim of this question was two-fold; first was to capture endogenous interruption experienced by the separation, and second to complement the smartphone addiction to reflect current immediate experience."

Reviewer \#3: The authors addressed my comments satisfactorily, so I recommend acceptance for the manuscript. I doubt, though, that anxiety plays a huge role in these dynamics, given that it is hard to imagine that one would be able to create the levels of anxiety necessary for the disruption of cognitive function by simply temporarily removing their phones.

\*\*\*

5\. How frequent do we reach for our phones?

\*\*\* Surprisingly, high, but unsurprisingly higher for young adults. Deloitte 2017 survey reported that the average American reaches for their phones 47 times while young adults (aged between 18 to 24) reach for 86 times. The same survey also reported that 89% looked at their phone within an hour of waking up and that 81% also looked at their phone within an hour before going to bed. Further, 90% of young adults reported using their phones in their daily activities ranging from shopping, leisure time, talking to friends, crossing the road, and this trend has been consistent for the past three years. The young adults also reported that they "definitely" or "probably" use their phone too much, suggesting some form of recognising their addiction (Deloitte Development LLC, 2017). Another poll reported that one in every 10 Americans check their phones every four minutes, and that most people struggle to go beyond 10 minutes without checking their phone (SWNS, 2017).

We have added couple of sentences to further highlight on mobile phone addiction under Research Aim (see Line 85-88, page 5-6).
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